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4.3 Single Stage to Orbit with Horizontal Takeoff (SSTO-HTO) 

4.4 All-Rocket Two-Stage Vehicle 
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system (TPS) , the development of a fully reusable launch vehicle depends upon demonstrated advances 
in TPS technology, which may be provided by the Shuttle. 
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engine for the supersonic parallel^-lif t vehicle would return the development cost in total program 
savings such that the supersonic parallel-lift vehicle would be the economic choice. It must be 
cautioned, however, that the cost difference between the most economic alternatives may not be sig- 
nificant because of the uncertainties in the cost estimates. 



1 . 4 RECOMMENDATIONS 

The cursory c'ssessment of two-stage launch vehicles employing air-breathing boosters as 
presented in this study indicates tiiat their utility is sufficient to justify additional studies. 
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factor in engine thrust-level selection. LaRC is presently planning limited wind tunnel testing 



to determine the magnitude of the transonic drag problem associated with a parallel-lift vehicle. 

It is recommended that experimental and analytical vehicle configuration studies be continued and 
expanded to consider questions related to the magnitude of vortex lift that can be induced during 
takeoff. Independent of whether a single or twin booster is preferred, additional experimental and 
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Figure 2-2 

PROPULSION OPTIONS 












In a two-stage system, both the booster and orbiter propulsion systems impact the average 
effective specific impulse.* Because air-breathing boosters have lower thrust-to-welght ratios than 
rocket systems, they are in the atmosphere for a longer time, resulting in higher drag losses. Thus 
the effective specific Impulses of air-breathing systems are lower than the engine specific Impulse 
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PERFORMANCE ASSESSMENT - PROPULSION 

92.5 X ISS km, 28* ORBIT (93x 185km) 
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and the orbiter is prepared for booster mating. The boosters are serviced prior to the jrbi ter 
return and are available for the mating operation as soon as the orbiter Is ready. In the case 
of the twO“booster configuration. It Is envisioned that the boosters would be sufficiently lowered 


Figure 2-4 
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3.1.2 Scenario No. 2 

It is assumed that a breakthrough will dramatically change the demand for space utilization. 
The nature of the breakthrough could be a change in the public's perception of space, a technologi- 
cal vent that makes space operations extremely desirable, or a discovery that changes the need for 
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In the rapid expansion scenario (#2), a high level of space-based operaticns is provided by 
facilities other than th: launch vehicle. The launch vehicle is a general cargo and passenger de- 
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ORBITER FOR HYPERSONIC BOOSTER SYSTEMS 







The various launch vehicles are discussed in Secs. 4 .2-4.8, with emphasis on the booster. The 
orbiters are discussed in Sec. 4.1, the weights of all the vehicles are summarized in Sec. 4.9, and 
Sec. 4.10 presents flight parameter data. Since all vehicles deliver the same payload to the same 
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technical data or new design concepts could lead to a different result at a later date. 



The projected shift from Earth- to space-based operations suggests a high-density internal 
cargo bay and perhaps a capability for carrying very long structural members for assembly in space. 
The solar power mission, for example, would require many such structural members and possibly rolls 
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4.5 SUBSONIC-STAGED SINGLE AIR-BREATHING BOOSTER PARALLEL-LIFT VEHICLE 
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vide the techno logicii I base. The iitlrial gross weight is 1285 metric tons. The staging conditions 
are Mach 3.5 at an altitude of 18»0UU m (57,000 ft). 



Figure 4-6 

SUBSONIC-STAGED PARALLEL-LIFT LAUNCH VEHICLE 

(Single Booster) 



Figure 4-7 

SUPERSONIC-STAGED PARALLEL-LIFT LAUNCH VEHICLE 

(Twin Booster) 
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AIR-BREATHING BOOSTER HYPERSONIC-STAGED VEHICLE 
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the capability for extenced range operations, despite the heavier engine weight 
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Figure 4-9 

SUBSONIC-STAGED PARALLEL-LIFT LAUNCH VEHICLE 





The weight breakdowns for the seven candidate vehicles are shown In Fig. 4-10 » and detailed 
weight statements for all vehicles are In Appendix A. The system dry weight Is a better Indicator 
of cost than Is the total system weight. 
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TTie two hypersonic systems (the all-rocket, C, and the air-breathing booster, F) actually stage at 
approximately equivalent energy conditions — the Mach number shown for the rocket booster is due to 
lower sonic velocity at the high staging altitude. 
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The iraxlmuin dynamic pressure Is held to under 50,000 N/m (1000 psf ) , except for the supersonic 
and hypersonic air-breathing booster systems. For these systems, the thrust-to-drag ratio generally 
Improves with increasing dynamic pressure. Therefore, higher dynamic pressures are considered, al- 
though some system modifications for the supersonic-staging vehicle (E) may be necessary. The hyper- 
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significantly change the overall results. 
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The evaluation shows that a fully reusable advanced TPS compatible with scheduled maintenance 
was the only key technology that was required by every launch vehicle option. The hypersonic 
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14-day average mission duration for the Shuttle), and (2) scheduled maintenance. A 1-day average 
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Figure 6-2 

SHUTTLE COST COMPARISON 
OPERATIONS COST PER FLIGHT 
($M, 1976) 
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five-vehicle £leet> 4197 missions could be flown. Compared to current operational projections o 
launch vehicle demand, 420 missions per year is unrealistic. However, to avoid discussion about 
the validity of specific mission models, cost comparisons between the launch vehicle options con 
sidered in the study are based on the maximum potentials of the launch vehicles, which provide ai 
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Shuttle. Compared to a single-stage-to-orblt launch vehicle, a two-stage parallel-lift vehicle 
eliminates the need for a launch pad, but requires a comparable expenditure for a separate propellant- 
service and assembly facility. A comparison of manning estimates is shown in Fig. 6-6. 


OPERATIONS COST PER FLIGHT 
($M, 1976) 



Twin Booster Subsonic Parallel-Lift Launch Vehicle GRC 




Figure 6-6 

OPERATIONS AND MAINTENANCE MANNING 
(Hows Per ragbl) 
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Altogether, the operating cost per flight of a fully reusable launch vehicle is reducible 
by approximately 30Z (relative to the Shuttle) by eliminating expendable hardware* In addition, 
reductions in labor-intensive operations can reduce the remaining operations costs by approximately 
50Z, for total savings of roughly 60-80Z of Shuttle costs. 
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Figure 6-7 

AHRIBUTE ASSESSMENT SUMMARY 









Figure 6-7 (Cent.) 





GRC 




SIN6LE-STAGE-T0-0RBIT VTO (MARTIN) 
kilograms, (pounds) 




Orbiter Empty Weight 114,029 (251,390) 



SINGLE-STAGE-TO-ORBIT VTO (MARTIN) 
kilograms (pounds) 
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TWO-STAGE-TO-ORBIT (ALL ROCKET POWERED) 
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Booster Empty Weight 156,716 (345,500) 


TUO-STAGE-TO-ORBIT (ALL ROCKET POWERED) 
Kilograms (pounds) 
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Contingency 2,599 (5,730) 


TWO-STAGE-TO-ORBIT (ALL ROCKET POWERED) 
Kilograms (pounds) 
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TWO-STAGE-TO-ORBIT (ALL ROCKET POWERED) 
Kilograms (pounds) 
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Use of 16 F-IOO-PW- *ies In place of 12 JT“9D-70B engines would have the following estimate 

impact on weight st'^c^int Li (1) tngine weight would decrease to about 21,772 kg (48,000 lb) from 
49,832 kg (109,860 lb); (2) the nacelle weight would decrease by about 6,804 kg (15,000 lb); (3) 
gross weight %#o« Id remain about the same since fuel flows would increase about 2*5 times* 



TABLE A-4 (Cont.) 

TMO-STAGE-TO-ORBIT (SUBSONIC STAGING. SINGLE BOOSTER, COMPACT CARGO BAY) 

Kilograms (pounds) 

BOOSTER WEIGHT ESTIMATE (Coot«) 


• m 




a 

o 

CM 

« 

vO 


S 

fs. 

CO 

o 


<n 

m 


o 

o 


cs 


o 


o 

CM 


CM 

•O' 


o 

cn 

CM 


O 

iH 

O 

* 

m 

m 

CM 


vO 

CM 

* 

00 

00 


o 

o 


o ^ 
o E 

O M 

* 


Q 

O 

o 

* 


o 

o 

c 

CM 

CM 


s 

o 

o 

00 

00 


CM 

CM 


CM 

<r 

* 

e 

CM 


CM 

CM 


CM 

H 

in 


CM 

o 


<r 

tn 

* 

CM 

m 

00 


NO 

00 


in 


cn 

cn 


o 

en 


Mf 

Sf 

00 

* 

00 

00 


00 

yC 

m 

cn 









X 
















CO 












-n 








00 Ui 



00 

H-i 




c 




00 




C CD 

u 


c 

X 




3 




ro 




•H 4J 

a 


•H 

O 








• 




•O -H 

u 


00 

1 




* 




o 




3 jO 

•H 


CO 

4J 












M 

X 


u 

4M 




o 



00 





y 0 

U 


cn 

•H 




(0 



e 

o 


CO 

CO 

' < 

o 



nJ 




JD 







X 

G 



4J 





>H 



oo 

£ 


G 

G 


G 


CO 

4J 




H 



CO 

w 


CO 

CO 


•iM 



CO 

4J 






•M 



u 


4J CO 



u 


•C 






c/3 

CO iJ 




X ^ 

CO 


m 

4J 

U) 



4J 




4J UM 

.a 

u 


00 c 

4J 


00 

£ 

•H 







G X 


0) 

<u 

•H C5 

G 


•H 

OO 

0) 



0 



CO 

CO 


iJ 

4J 

01 *H 

G 


0/ 

♦H 




.fi 




f-4 <M 

o 

•H 

•H 

ac iH 



3c 

a 




c/3 


(H 

u 

^ CM 




CD 

fH 



3c 






0/ 

X, 

0) ^ 

o 

u 

M 

CO cw 

0/ 


CO 


4 


(0 

* 


3 

00 

aoc 

in 

0 

O 

CO 0 

a 


Ci3 

CO 

u 



CO 

00 

CS4 

•H 

0 • 




0 WI 

o 


0 

CO 

8 


(0 

0^ 

G 


0) 

M O 


c 

C 

u a 

M 


l-i 

0 

u 


3 

> 

•H 

u 

3C 

Oi 

V 

•H 

•H 

C3 

04 


o 

44 





T3 

CD 


X 

>«✓ 


w 

u 




o 

Ui 


•H 

0/ 

C 

CO 


M a 




U (U 



44 


o 

a 

CO 

CO 

«0 


0) 

0) « 


X 

CM 

CJ 4J 

0) X 

CM 

0) 

B 

4J 


0) 

0/ 

1 

IM 

4-» 

£ 

cu 

o 

S 

u (0 

4J q 

s 

w 

O 

CO 


fic: 

0^ 


o 

CO 

(0 



X 

CO 0 

CO X 

X 

X 

4J 

0 






0 

0 o 




0 0 

0 


X 

CO 

c 






0 

0 u 




0 X 

0 


44 


0Q 






00 

00 




to 

n 


o 

c/? 


Taxi Propellants (JP) 6»350 (14»000) 









CM 


ON 

CM 

m 

n 

CM 


o 

o 

o 

* 

CM 


sr 

in 


O 

o 

cn 


C 

o 

o 


I 

< 


OQ 

< 


cn 


t/) 

-o 


o 

a. 


O i/1 
2T S 
#0 

o s- 
< a> 

h- O 

cr. ^ 

2 


cn 

00 


m 


00 

QO 

O 

I 

o 


§ 

to 

I 

o 


CM 

o 

00 

* 

o 

in 


Q\ 

Q\ 

00 

* 

ON 


o 

in 


m 










/-K 










XPv 

x-s 



o 

0 

o 




n 

m 

m 


m 

o 

O 


o 

o 

o 

o 



o 

o 

o 




en 

CM 

CM 



CM 



Oi 

CM 

o 

<7v 



o 

o 





• <• 

ro 

CM 



OS 

o 


<r 

iH 

CM 

in 



• 

* 

* 




« 

* 

«k 


•k 

« 

A 


A 

A 

A 

A 




<n 





CM 

m 

ON 


V3 

vO 

<r 


in 

CH 

cn 

fH 




C>\ 






w 



cn 


fH 


CM 


'W 

s>x 




w 

w 






SmA 


'W 


Nix' 









VO 

CM 




00 

in 

00 


<n 

ON 

m 


CM 

m 

CM 

pH 




m 

cn 




•0“ 

»H 

CM 


•H 

m 

m 


vO 

fH 

m 

CM 



00 


m 




CM 


cn 




cH 


m 

<r 





* 

• 

« 




* 


• 


* 

«t 

A 


A 

A 

A 





CM 

vD 




Ov 

CM 

CM 


vO 

m 

SJO 



pH 

fH 





sy 





fH 


CM 






fH 
























• 














/*N 





x-s 

4J 




















c 











a 



O 





in 

o 











di 



fH 





•W” 

a 











u 



w 




• 


w 











CO 







O 

>. 












>, 



>% 


0? 


CO 

CJ 

(i3 






ua 





CO 



O 


0* 


•H 

3 

H 














3 


k 


X 

>s 

< 






S\ 





d 



CU 





00 

Z 






z 





0 



00 


W 


s 

3 

M 






‘ 4 





•H 



3 


w 


01 

•H 

H 

0» 


u 

u 










«H 




4J 

J 

CO 

w 



01 


CO 





y 





CO O 


CO 

3 

U3 

o 


u 

<w 


u 





cu 



3 


o < 


>N 

0 




•H 

•H 

00 






iJ 


u 

0 


3 *> 


Crt 

CJ 

H 



•O 


•H 

H 





0 


cc 



•H -i 

'0 



X 



lu 

U 




a 

a 

Cu 

u 


'V 



: 0 ^ 

X 


2 

CO 

0} 


o 

0 

:s 

c 


3 

3 

3 

cu 

<0 

o 




o 

3 

O 

M 

a 





M 


0 

0 

0 


c 


u 


c2 O 


3 

•H 


0 


c 

c: 

CO 



u 

U 

u 


u 

CO 

3 

3 

o 

•o 


(0 

5 

u 


•H 

•r^ 

CO 

s 

0) 

o 

C3 

O 

5 


3 

4J 

0 

H O 

p» 

pH 

fH 






o 


}4 




s 


•H 

o 

•H 

OJ • 

3 


3 

Pi 





u 

00 

0 

00 


>% 

u 

X 

•a 

3 

CO 

v3 



3. 


>s 


X 

CM 

CO 

W 

4J 

c 

•H 

"3 

d> 

0) 

3 

U 

pH 

U 3v 

cn 


C 

H 

CO 

cv. 

o 

s 



u 

-4 

«0 

0 

JZ ^ 

3 


3 

0 m 

c; 

'm 

U 

55 

> 




o. 

M 

3 


H 

CO 

H 



C/5 

cu 

00 

00 

Oh 

ou 

w 

S 




s 

00 

U 








o 





o 





CO 

pi 

u 








u 





00 

oi 




Pi 

Oi 

CO 








frt 






m 

00 



% 


o 

00 

<S 

CM 

O 

CM 


O 

O 


CM 

Ch 

CM 


>- 

< 

oa 

c 

w 

cc 

< 

CJ 

K 

o 

<c 

a. 

z: 

o 

o 


cn 


o> 


o 

00 


a\ 

*k 

CM 

cn 


O 

CM 

00 

o> 

00 


o 

o 


I 

c 

txi 

•J 

C30 

<c 


(/) 

o 

o 

ca 

UJ (/) 

^ -o 
o c 
z: 3 

H-i o 
00 a. 


CD 5^ 

z £ 

NM fO 

c5 u 
h- o 

m r— 

•p“ 

o ^ 


o 

OO 

C20 

=) 

00 


CD 

oi 

o 

I 

o 

I- 

I 

LU 

CD 

< 


O 


’4- 

A 

o 

Mf 


00 

o 


o 

o 

o 

/-s 

o 

#—s 

o 

/*N 

O 

O 

O 

O 

O 

o 

O 

o 

O 

o 

o 

o 

o 

o 

00 

o 

00 

o 

O 

m 

CM 

o 


00 

o 

o 

a\ 

m 

00 


in 

VO 

vO 

vO 

VO 

CM 

in 

w 



0i 

A 



s-/ 

0^ 


0i. 


0% 

•» 


CM 


f-4 

CM 

CM 



cn 

CM 

o 


CM 

in 


>i-^ 

s«/ 

>w^ 

w 




v«/ 

s-/ 

tH 

V-X 


vO 


00 




C^l 


Mf 

CM 


'O 

00 



cn 

cn 

o> 

pH 

vO 

00 

CM 




vC> 

o 

fH 

vO 

cn 

o 

pH 



vO 

cn 

rv 

00 

<3> 

<JV 





-r_ 

Ov 

00 

00 

pH 

cn 

cn 



CM 

VO 

pH 

00 

O 

<jv 

rs. 








p 

p 





p 

0i 

0k 

0k 


0k 






fH 


H 

pH 





pH 

pH 


CM 


o 



















CM 


/-N 






B 







/-s 

/*s 





• 






(U 







O 

o 





<u 






4J 







01 

01 





0 






CD 


s>s 





CD 

CD 


CD 



0 






?n 


m 






•N-, 


T1 



u 


(0 




CO 







4J 

u 


•H 



w 


c 











M-4 

»H 


S 





0 




pH 


>» 








pH 



C4 


*rt 




o 


o 





o 

o 


Ct4 



H 


CD 






d 





o 

m 







•H 




4-1 


<u 





M 

vO 


•d 



X 


> 




fi 


00 

u 




w 



01 



H 


0 




0 


d 

x; 







d 



H 


M 

03 



a 


•H 

00 




CD 

CD 


•H 



cn 


a« 

M 





4J 

M 




4H 

iJ 


Cd 



U 



0 



pH 


d 

0) 




d 

d 


H 





no 

M 



cd 


0 

;:2 




Cd 

cd 


5 


4J 

H 


cd 

4J 



u 


a 





M 

H 


(d 



S 


0 

o: 

pH 


X 



?N 




pH 

pH 




00 

S' 


M 

0 

Cl 

O 

0) 


4J 

H 

Cd 


CD 

01 

01 


a 


•H 

Ml 


>% 

u 

<J 

M 

e 

CD 

d 

a. 

0 


pH 

p0 

CU 

CD 

01 


01 



<d 


•H 

pH 

c 

O 

<u 

a 



Cd 

o 

0 


4.1 



s 

4J 

Pn 

4J 

M 

0 

0 

•H 

a 

w 



d 

u 

u 

> 

CD 

Cd 



c 


x; 

4J 

cd 


C 

Cu 


'O 


T3 



u 

?n 

0 


0^ 

0) 

"S' 

OO 

O 

V4 

•H 

0 

•H 

1-1 

01 

3r 

•H 



01 

CO 

pH 

01 

M 


0) 

•H 

0) 

TJ 

> 

•H 

0 

01 

u 

01 

CD 

CO 

S3 

CD 


>> 

4.1 

H 

o« 

V4 

H 

pH 


d 

> 

O' 


c^ 

u 


y 

X 


0 

Cd 

o 

M 

•H 

CO 




w 

< 

Cd 

•H 

01 

CJ 

Cd 

pc! 

o 

P;^ 

cn 

Oj 

01 


0 








XI 









•n 


a* 








u 









d 

o 

Cz3 








o 

' 








M 



TABLE A-4 (Cont.) 

TWO-STAGE-TO-ORBIT (SUBSONIC STAGING, SINGLE BOOSTER, COMPACT CARGO BAY) 

Kilograms (pounds) 

ORBITER WEIGHT ESTIMATE (Cont.) 
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(SUBSONIC STAGING, SINGLE BOOSTER, PARAMETRICALLY RESIZED FOR SHUHLE CARGO BAY) 

Kilograms (pounds) 
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TABLE A-5 (Cont. ) 

(SUBSONIC STAGING, SINGLE BOOSTER, PARAMETRICALLY RESIZED FOR SHUTTLE CARGO BAY) 

Kilograms (pounds) 
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Injected Weight 145,671 (321,150) 


TABLE A-5 (Cont. ) 

(SUBSONIC STAGING, SINGLE BOOSTER, PARAMETRICALLY RESIZED FOR SHUTTLE CARGO BAY) 

Kilograms (pounds) 
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TW0-STAGE-T0-0R8IT (SUPERSONIC STAGING, TWIN BOOSTER) 
kilograms (pounds) 
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TWO-STAGE-TO-ORBIT (SUPERSONIC STAGING. TWIN BOOSTER) 
kilograms (pounds) 
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TWO-STAGE-TO-ORBIT (SUPERONIC STAGING. TWIN BOOSTER) 
kilograms (pounds) 
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Retained Fluids 1,134 (2,500) 
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AERODYNAMIC CHARACTERISTICS— ROCKET BOOSTER AND SUBSONICALLY LAUNCHED ORBITER 
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TABLE C-2 


STRUCTURE MATERIAL/CONSTRUCTION FACTORS 
VTO - SIN6LE-STAGE-T0-0RPIT 


AERO SURFACES 


Aluminum Sheet 

C.06 

Aluminum S/S/F^ 

0.10 

Titanium Sheet 

0.28 

Titanium S/S/F 

0.92 

S S Steel* 

0.07 

L 605 Alloy 

0.31 



Combined 

factor 

1.74 

BODY/ TANK STRUCTURE 




Aluminum Sheet 



0.06 

Aluminum S/S/F 



0.40 

Titanium Sheet 



0.06 

Titanium S/S/F 



0.35 

S S Steel 



0.39 

Rene '41, etc. 



~ 


Combined 

factor 

1.26 

THERMAL PROTECTION SYSTEM 




Columblum 



0.43 

Titanium 



1.44 

L 605 Alloy 



0.93 

S S Steel 



— 

Rene *41, etc. 



0.53 


Combined 

factor 

3.33 


'SHw'atringer/trame. 

^Super stainless steel (high temperature) . 



TABLE C-2 (Cont.) 

STRUCTURE MATERIAL/CONSTRUCTION FACTORS 
ORBITER 


AERO SURFACES 

Aluminum Sheet 

0.06 

Aluminum S/S/F 

0.10 

Titanium Sheet 

0.28 

Titanium S/S/F 

0.81 

S S Steel 

0.13 

L 605 Alloy 

0.31 

Combined factor 1.69 

BODY/TANK STRUCTURE 

Aluminum Sheet 

0.06 

Aluml.ium S/S/F 

0.40 

Titanium Sheet 

0.11 

Titanium S/S/F 

0.58 

S S Steel 

0.17 

Rene *41, etc. 

0.05 


Combined factor 1.37 


THERMAL PROTECTION SYSTEM 


Columblum 0.43 
Titanium 0.44 
L 605 Alloy 0.93 
S S Steel 

Rene '41, etc. 0.53 


Combined factor 3.33 



5 


TABLE C-2 (Coni:.) 

STRUCTURE MATERIAL/CONSTRUCTION FACTORS 
MACH NO. 10 BOOSTER 


AERO SURFACES 


Alumlnua Sheet 



0.06 

Aluolnuo S/S/F 



0.10 

Ticaalum Sheet 



0.28 

Titanium S/S/F 



0.92 

S S Steel 



0.07 

L 605 Alloy 



0.31 


Combined 

factor 

1.74 

BODY /TANK STRUCTURE 




Aluminum Sheet 



o.oe 

Aluminum S/S/F 



0.40 

Titanium Sheet 



0.06 

Titanium S/S/F 



0. 35 

S S Steel 



0.39 

Rene '41, etc. 





Combined 

factor 

1.26 

THERMAL PROTECT JON SYSTEM 




Columbiuffl 



— 

Titanium 



1.38 

L 605 Allow 



0.37 

S S Steel 



0.31 

Rene *41 etc. 



0.53 


Combined 

factor 

2.59 




. 


153 



TABLE C-2 (Cont.) 


STRUCTURE MATERIAL/CONSTRUCTION FACTORS 
MACH NO. 3.5 BOOSTER 


AERO SURFACES 

Aluminum Sheet 

0.21 

Aluminum S/S/F 

0.50 

Titanium Sheet 

— 

Titanium S/S/F 

0.35 

S S Steel 

— 

L 605 Alloy 

Combined factor 1 . 06 

BODY/TANK STRUCTURE 

Aluminum Sheet 

0.06 

Aluminum S/S/F 

0.70 

Titanium Sheet 

0.06 

Titanium S/S/F 

0.35 

S S Steel 

— 

Rene '41, etc. 

— 


Combined factor 


1.17 



TABLE C-2 (Cont.) 

STRUCTURE MATERIAL/CONSTRUCTION FACTORS 
MACH NO. 0.8 BOOSTER 


AERO SURFACES 

Aluminum Sheet 

0.27 

Aluminum S/S/F 

0.45 

Titanium Sheet 

— 

Titanium S/S/F 

0.23 

S S Steel 

— 

L 605 Alloy 

Combined factor 0.95 

BODY/TANK STRUCTURE 

Aluminum Sheet 

0.21 

Aluminum S/S/F 

0.55 

Titanium Sheet 

— 

Titanium S/S/F 

0.23 

S S Steel 

— 

Rene '41, etc. 

— 


Combined factor 0.99 


,./ 4 . 



TABLE C-3 

; SINGLE-STAGE-TO-ORBIT (VTO) 

> 

• N 


COST 

ELEMENT 

NUMBER 

COST ELEMENT DESIGNATION 

0R8ITER 

BOOSTER 

SYSTEM 

EOS TOTAL 

1000 

TOTAL ROT&E 




1 760.7 

1100 

CONCEPTUAL ANO OEFINTION PHASE 




47.2 

1110 

Concepnial Studits (Contractor) 




3.4 

1130 

Program Oafinition Studio:; (Contractor) 




30.3 

1130 

Other Study Support 




13.5 

1140 

SE/TO ContractoHs) 




— 

1200 

ENGINEERING DEVELOPMENT PHASE 




6792.0 

1210 

Air Frame 




2623.1 

1211 

Structure 




999.9 

121M 

Aerodynamic Surface 




196.4 

1211-2 

Body/Tank Structure 




803.5 

1211-3 

Nonintagral Tanks 




— 

12114 

Other 




— 

1212 

Landing Gear 




— 

1213 

Thermai Protection System 




317.6 1 

1214 

Avionics 




547.9 

1214-1 

Guidance and Navigation 

i j 


1 

i 

117.0 1 

1214-2 

Communications 

i ! 



144.8 

1214-3 

Instrumentation/Paneis 

i 

1 

1 


286.1 

1215 

Power Supply and Distribution 




338.8 

1215-1 

Ele«*tricai Power 

i 



268.5 

1215-2 

Hydraulic PovMr 




70.3 

1216 

Environmental Control & Life Support 

1 



418.9 

1217 

Emergency 

! 



— 

1218 

Drop Tanks 




1 

1220 1 

i Propulsion 

1 

! 


1234.5 1 

1221 ! 

Rocket Engines - Primary 


i 1118.0 * 

1222 ! 

Rocket Engines - Secondaiy 1 1 1 

j 

1223 

Air*Breathing Engines | 

I ' — i 

1224 

Orientation Control i 1 j ! 

116.5 ' 

1 1230 

Vehicle Integration 

ill' 

1 ' ' 129.6 

1240 

Initial Tooling i i I i 

: 






















































TABLE C-3 (Cont.) 
SINGLE-STAGE-TO-ORBIT (VTO) 


COST 

ELEMENT 

NUMBER 

COST ELEMENT DESIGNATION 

QR8ITER 

300STER 

SYSTEM 

EOS TOTAL 

12SQ 

Ground Equipmant I 


1 156.9 

1260 

Test Hardware 



i 1054.3 

1261 

Ground Test 




632.6 

1262 

Flight Test 




421.7 

1270 



Test Operations 




414.0 

1271 

Ground Test 




157.0 

1272 

Flight Test 




137.5 

1272-1 

Horizontal 



i 68.2 

1272-2 

Vertical 




69.3 

1273 

Wind Tunnel Test 





119.5 

1280 

Facilities and Equipment 



! 756.9 ' I 

1281 

Vehicle Test Facilities 




126.3 ! 

1282 

Engine Test Facilities 




119.9 

1283 

Launch Facilities 




178.0 

1284 

Operational & Maintenance Facilities 




141.8 

1285 

Manufacturing Facilities 



^ Li i 

1286 

Wind Tunnel Facilities 




j 

1287 i 

Propellant Production Facilities 




57.8 . ..J 

1288 1 

Support Equipment 




1 

1289 1 

1 Activation 


i 

1 


125.5 

1290 1 

Training 



118.8 

1291 

Personnel 


_ _ 


- 34.5 

1291-1 

j Flight Crew 




29.7 

1291-2 

r 

uround Crew 




4.8 

1292 

j Simulators and Equioment 

i i 

84.3 i 

1300 

SYSTEM INTEGRATION ENGINEERING 1 ! i 


219.3 : 

1310 

Contractor Program Management 

i 1 ! 401.6 ' 

1320 

SE/TO Contractor(s) • ‘ ! 


— - ! 

1400 

TECHNOLOGY SUPPORT PHASE 1 ! i 


i 

1410 

Aerothermo Technology ! ■ - 



1420 

Structure/Material Technology 

1 ' ' — ' 

1430 

Propulsion Technology 1 i ; 


— 


. 


i ! 


TABLE C-3 (Cont.) 
SIN6LE-STAGE-T0-0RBIT (VTO) 


COST 

ELEMENT 

NUMBER 

COST ELEMENT DESIGNATION 

OR BITER 

BOOSTER 

SYSTEM 

SOS total 

T 44 O 

Ottier Technology 





1500 

GOVERNMENT PROGRAM MGMT. 




141.6 

2000 

TOTAL INVESTMENT 




2iol.O 

2100 

FACILITIES ANO EQUIPMENT 




308.9 

2110 

Launch Facilities 




— 

2120 

Opirational & Maintenanca Facilities 




— 

2130 

Manufacturing Facilities 




— 

2140 

Propeilant Production Facilities 




57.8 

2150 

Ground Equipment 




139.5 

2160 

Support Equipment 





2170 

Activation 




111.6 

2200 

REUSABLE VEHICLE FLEET 




2191.2 

2210 

New Vehicle Manufacturing 



1428.3 

2220 

R^Q Vehicle Modifications 




126.5 

2230 

Initial Spares 



142.8 

2240 

Sustaining Tooling j I 


45.6 

2250 

Engineenng Support 



285.7 

2260 

Contractor Program Management 




162.3 

2270 

SE/TD ContractorfsJ 





2300 

EXPENDABLE HARDWARE 





2310 

Hardware Manufacturing 





2320 

Spares Support 





2330 

Engineering Support 





2340 

Additional and Su«t3:.iing Tooling 




— 

2350 

Contractor Program Management 




~ 1 

2400 

GOVERNMENT PROGRAM MGMT. 


! 

1 

80.9 I 

3000 

TOTAL OPERATIONS 

1 : 

12,460.4 i 

i 3100 

OPERATIONS 

1 1 1618.8 ! 

1 3110 

Launch Operations > 1 ! 

55.0 ' 

3120 

flecoverv Operations III 

15.1 i 

3130 

! Command and Control j 1 ! 

x4S.6 

3140 

1 111 

1 Replacement Training ill 

50.6 : 


158 



TABLE C-3 (Cont.) 
SIN6LE-STAGE-T0-0 RB.it (VTO) 


COST 

ELEMENT 

NUMBER 

COST ELEMENT DESIGNATION 

ORBITER 

BOOSTER 

SYSTEM 

EOS TOTAL 

3150 

Facility & Equipment Maintenance 





387.1 

3151 

Launch & Maintenance Facilities 




159.9 

3152 

Ground & Support Equipment 




227.2 

3160 

Vehicle Maintenance 




513.7 

3161 

Ground-Based Maintenance Operations 




513.7 

3162 

Space-Based Matntenanre Operations 


-- 


— 

3170 

In-Plant Engineering Support 




269.6 

3180 

Program Integration and Management 




168.5 

3200 

SPARES AND PROPELLANT SUPPORT 




10.671.1 

3210 

Foilow-On Spares 




8645.5 

3211 

Structure 




678.8 

3212 

Thermal Protection System 




3019.7 

3213 

Rocket Engines 




886.4 

3214 

Air-Breathing Engines 





3215 

Subsystems 




4060.6 

3216 

Other 





3217 

Transportation (Space-Based) 




1 

■bh 

Propellants and Gases 

1 



2025.6 

3221 

Basic Cost (Ground-Based) 




2025.6 

3222 

Transportation Cost (Space-Based) 




1 — — 

3300 

1 RANGE/BASE SUPPORT 




170.5 

4000 

AIR VEHICLE FIRST UNIT COST 




421.7 

4100 

AIR FRAME 



1 

1 

331.9 

4110 

Structure 

1 

> 


107.8 

4111 

Aerodynamic Surfaces 


1 

i 

41.6 1 

4112 

Body/Tank Structure j 

f 

! 

1 

! 

66.2 

4113 

Nonintegrai Tanks j | { 

1 

4114 

Other ! 1 1 

i 

4120 

Landing Gear I ^ 1 ! 

0.3 ' 

4130 

Thermal Protection System 

i i ' 14-3.9 i 

•'.140 

Avionics 1 1 ^ ‘ 

26.6 ‘ 

4141 

Guidance and Navigation 

I 

12.2 i 



























































TABLE C-3 (Cont.) 
SINGLE-STA6E-T0-0RBIT (VTO) 


COST 

ELEMENT 

NUMBER 

COST ELEMENT DESIGNATION 

OR8ITER 

BOOSTER 

SYSTEM 

EOS TOTAL 

m2 

Communication 




10.1 

4143 

Instrumcntation/Panals 




14.0 

4150 

Power Supply & Distribution 




33.8 

4151 

Electrical Power 




25.6 

4152 

Hydraulic Power 




8.2 

4160 

Environmental Control & Life Support 




19.5 

4170 

Emergency Recovery 





4200 

PROPULSION 




75.3 

4210 

Rocket Engines - Primary 




48.0 

4220 

Rocket Engines - Secondary 





4230 

Air-Breathing Engines 





4240 

Orientation Control Thrusters 




27.3 

4300 

INTEGRATION, ASSEMBLY, 
CHECKOUT, AND TEST 




14.5 

5000 

DROP TANK FIRST UNIT COST 























i 




















1 _ - .... 







1 

[ 







1 





1 

1 










! 

! 

t 





; 





i 





1 

i 

1 





1 

1 

















































TABLE C-4 
TWO-STAGE 

(Subsonic Staging, Single-Booster) 


COST 

ELEMENT 

NUMBER 

COST ELEMENT OESIGNATION 

0R8ITER 

BOOSTER 

SYSTEM 

EOS TOTAL 

1000 

TOTAL ROTiE 

5432.6 

3159.1 

797.3 

9022.6 

1100 

CONCEPTUAL AND OEPINTIQN PHASE 



47.2 

47.2 

1110 

Conceptual Studies (Contractor) 



3.4 


1120 

Program Definition Studies (Contractor) 



30.3 


1130 

Other Studv Support 



13.5 


1140 

SE/TO Contractor(s) 





1200 

ENGINEERING DEVELOPMENT PHASE 

4907.2 

2842.3 

591.4 

8340.9 

1210 

Air Frame 

2353.4 

1264.3 


3617.7 

1211 

Structure 

947.4 

852.8 



121M 

Aerodynamic Surface 

314.4 

507.0 



1211-2 

Body/Tank Structure 

633.0 

345.8 



1211-3 

Nonintegrai Tanks 


i 


1211-4 

Other 





1212 1 Landing Gear 





1213 

Thermal Protection System 

294.6 




1214 

Avionics 

547.9 

140.3 



1214-1 

Guidance and Navigation 

117.2 

35.2 



1214-2 

Communications 

144.8 

20.6 



1214-3 

1 nstrumentation/Paneis 

286.1 




1215 

Power Supply and Distribution 

250.8 

271.2 



1215-1 

EiectricN Power 

199.5 

212.0 



1215-2 

Hydraulic Power 

51.3 

59.2 



1216 

Environmentel Control & Life Support 

312.7 



1217 

Emergency 





1218 

Drop Tanks 

i 1 


1220 ! Propulsion I 242.6 ! 90.4 ' 

333.0 i 

1 1221 1 Rockst Engines * Primary ' 126.2 

1 

1222 j Rocket Engines - Secondary i ' ' | ' 

1223 

Air-Sreathing Engines 1 ' 90.4 j i 1 

1224 

Orientation Control 116.4 I ' ! 

1230 

Vehicit Integration 1 106.2 52.4 ■ 158.6 

1240 j Initial Tooling ! 325.2 501.3 ' ! 826.5 i 



nrCB 4m mu . . 


TABLE C-4 (Cont.) 
TWO-STAGE 

(Subsonic Staging, Single-Booster) 


COST 

ELEMENT 

NUMBER 

COST ELEMENT OEStGNATION 

0R8ITER 

BOOSTER 

SYSTEM 

EOS TOTAL 

1250 

Ground Equipmant 

“'"“135^6"“': 

58.2 


193.8 

1260 

Tan Hardwara 

968.0 

507.0 


1475.0 

1261 

Ground Tan 

580.8 

304.2 



1262 

FliqhtTan 

387.2 

202.8 



1270 

Ten Oparations 

206.0 

184.1 

127.1 

517.2 

1271 

Ground Ten 

137.8 

115.9 



1272 

Plight Tan 

68.2 

68.2 

70.5 

1272-1 

Horizontal 

68.2 

68.2 



1272-2 

Vertical 



70.5 


1273 

Wind Tunnel Ten 



56.6 


1280 

Facilities and Equipment 

126.4 

144.0 

429.8 

700.2 

1281 

Vehicle Ten Facilities 

58.3 

63.2 



1282 

Engine Tan Facilities 

59.9 

59.9 



1283 

Launch Faciiitias 




1284 

Operational & Maintenance pKilities 





1286 

Manufacturing Facilities 

8.2 1 20.9 

217.0 


1286 

Wind Tunnel Facilities 





1287 

Propellant Production Facilities 





1288 

Support Equipment 



57.8 


1289 Activation 

1 

! 

155.0 


1290 

Training 

77.4 

40.6 

34.5 

152.5 

1291 

Personnel 



34.5 


1291-1 

Flight Crew 



29.7 


1291-2 

Ground Crew 

• 


4.8 


1292 

Simulaton and Equipment 

77.4 

40.6 


! 

1300 

SYSTEM INTEGRATION ENGINEERING 

177.7 i 100.2 

6.4 

284.3 ! 

1310 1 ContrKtor Program Management { 347.7 | 216.6 

10.7 

575.0 i 

1320 

SE/TO Contractor(s) 



i 

1400 i TECHNOLOGY SUPPORT PHASE | i 


1 

1 

1410 

Aerothermo Technology 

1 ! 1 ! 

1420 i Stnicturt/Maurial Taehnology 1 i 1 

i 

1430 

Propulsion Technology j ! | 

1 






































TABLE C-4 (Cont ) 

TWO- STAGE 

(Subsonic Staging, Single-Booster) 


COST 

ELEMENT 

NUMBER 

COST ELEMENT DESIGNATION 

ORBITER 

BOOSTER 

SYSTEM 

EOS TOTAL 


1440 

Other Technology 






1500 

GOVERNMENT PROGRAM MGMT. 





2000 

TOTAL INVESTMENT 

2166.3 

1165.8 

268.1 

3600.2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

\ 

1 

1 

1 

1 

1 

Cn 

ca 

O 

0 

Co 

§ 

Co 

\ 

Cn 

, Co 

: cq 
53 
Co 

1 

2100 

FACILITIES AND EQUIPMENT 

112.9 

48.8 

187.2 


2110 

Launch Facilitiee 





2120 

Operational & Maintenance Fecilitiea 




-- 

2130 

Manufwturing Pacflitiae 





2140 

Propellant Production Facilities 



57.8 

57.8 

2150 

Ground Equipmtnt 

112.9 

48.8 



2160 

Support Equipment 





2170 

Activation 



129.4 

129.4 

2200 

REUSABLE VEHICLE FLEET 

2053.4 

1117.0 


3170.4 

2210 

New Vehicle Manufacturing 

1311.4 

686.9 


1998.3 

2220 

R&O Vehicle Modifications 

116.2 

60.8 


177.0 

2230 

Initial Soares 

131.1 68.7 

1 

199.8 

2240 

Sustaining Tooling 

55.6 ! 80.5 


136.1 i 

2250 

Engineering Support 

296.7 137.4 


L 434.1 

2260 

Contrwtor Program Management 

142.4 

82.7 


225.1 

2270 

SE/TO Contractoris) 



1 

1 

2300 j EXPENDABLE HARDWARE 


! 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2310 

Hardware ManufKturing | 




2320 

Spares Support 





2330 

Engineering Support 




i 

1 

2340 

Additional and Sustaining Tooling 





2350 

Contractor Program Management 




1 

1 

1 

1 

2400 ! GOVERNMENT PROGRAM MGMT. 



80.9 i 80.9 i 

3000 i TOTAL OPERATIONS | i | 

i 


3100 ! OPERATIONS 

1 1 

j 

i 3110 

Launch Operations ! i 1 ; i 

j 3120 1 Ricovtry Operations 

, ! 

{ 3130 1 Command and Control 1 1 ! ' ' 


I 3140 


f 


Replacsmint Training 


BOOSTERS/ 5 ORB ITERS 



TABLE C-4 (Cont.) 
TWO-STAGE 

(Subsonic Staging, Single-Booster) 


• t 


COST 

ELEMENT 

COST ELEMENT DESIGNATION 

0R8ITER 

BOOSTER 

SYSTEM 

EOS TOTAL 

NUMBER 







1440 

Other Technology 

1S00 

GOVERNMENT PROGRAM MGMT. 

2000 

TOTAL INVESTMENT 

2100 

FACILITIES AND EQUIPMENT 

2110 

Launch pKilitiat 

2120 

Oparational & Maintananca PKilitiat 

2130 

Manufacturing PKilitiat 

2140 

Propellant Production Pacilitiat 

2150 j 

Ground Equipment 

2160 

Support Equipment 

2170 

Activation 

2200 

1 REUSABLE VEHICLE FLEET 

2210 

New Vehicle Manufacturing 

2220 

R&O Vehicle Modificationt 



Initial Spam 


2240 

Suttaining Tooling 

2250 

Enginterinq Support 


2260 Contractor Program Managamtnt 


2270 SE/TO Contractorls) 


I 2300 EXPENDABLE HARQWAflE 


2310 

Hardware Manufactunng 

2320 

Spam Support 

2330 

Engineering Support 

2340 

Additional and Sustaining Tooling 

2350 j 

ContrKtor Program Management 


GOVERNMENT PROGRAM MGMT. 


total operations 













9067.1 


551.1 


80.9 


1736.4 


80 


11.354.6 



















































































TABLE C-4 (Cont.) 
TWO-STAGE 

(Subsonic Staging, Single-Booster) 


COST 

ELEMENT 

NUMBER 

COST ELEMENT DESIGNATION 

ORBITER 

BOOSTER 

SYSTEM 

EOS TOTAL 

3150 

'Kility & Equipmint Miintinanci 



362.7 


3151 

Launch & Mainttnanca Fxiiitias 



108.5 


3152 

Ground & Suppoit Equipmant 



254.2 


3160 

Vahicia Maintananca 



513.7 


3161 

Ground'Basad Maintananca Oparationt 



513.7 


3162 

Spaca-Bastd Maintananca Operations 





3170 

ln*Pl8nt Enginetring Support 



269.6 


3180 

Program integration and Managamant 



168.5 


3200 

SPARES ANO PROPELLANT SUPPORT 

9067.1 

551.1 


9618.2 

3210 

Follow>On Sparas 

7543.9 

540.3 



3211 

Structura 

74S.4 

60.8 



3212 

Thormai Protection System 

2797.2 




3213 

Rockat Enginat 

280.7 




3214 

Air-Breathing Engines 


261.5 



3215 

Subsystems 

3720.6 

218.0 



3216 

Othar 





3217 

1 Transportation (SpaLa>Basad) 





3220 

Propellants and Gasas 

1523.2 

i 10.8 



3221 

Basie Con (Ground-Based) 

IgBBM 

! 10.8 



3222 

Transportation Con (Cpaca-Basad) 





3300 

RANGE/BASE SUPPORT 



142.0 

142.0 

4000 

j AIR VEHICLE FIRST UNIT COST 

387.2 

202.8 


590.0 

4100 

1 AIR FRAME 

322.9 

154.2 


477.1 

4110 

j Structura 

118.4 

96.5 


214.9 

4111 

Aerodynamic Surfaces 

73.3 

73.5 1 


146.8 

4112 

1 Body/Tank Structura 

45.1 

23.0 1 

i 

* 68.0 I 

4113 

1 Nonintagral Tanks 

1 

1 1 


1 

1 

4114 

I Othar 1 




! 

! 4120 

! Landing Gear 1 

0.2 

0.9 

' 1.1 ! 

i 4130 

! Thermal Protection System 1 

133.3 i 

1 


133.3 1 

4140 

1 Avionii;$ 

26.6 1 

29.7 1 


56.3 i 

4141 

! Guidance and Navigation | 

■IBM 

18.3 


30.5 ! 















































COST 

ELEMENT 

NUMBER 

COST ELEMENT OESIGNATION 

4142 

Communication 

4143 

Instnimtntation/Pands 

41S0 

Powir Supply & Distribution 

4151 

Electriul Powtr 

4152 

Hydraulic Power 

4160 

Environmental Control & Life Support 

4170 

Emergency Rnoveiy 

4200 

PROPULSION 

4210 

Rocket Engines • Primary 

4220 

Rocket Engines - Secondary 

4230 

Air*Braathing Engines 

4240 

Orientation Control Thrusters 

4300 

INTEGRATION, ASSEMBLY, 
CHECKOUT, AND TEST 

5000 

DROP TANK FIRST UNIT COST 


0R8ITER 

























































TABLE C-5 
TWO-STAGE 

(Subsonic Staging, Twin-Booster) 


COST 

ELEMENT 

COST ELEMENT OESIGNATIGN 

ORBITER 

8POSTER 

SYSTEM ■ 

:OS TOTAL 

NUMBE<1 



(one) 



1000 1 

i TOTAL flOT&E 

5432. 6 

2077.4 1 

1 7!>7.3 , 

8307.3 




CONCEPTUAL ANO OEFINTION PHASE 


1110 Conciptuai Studits ( Contractor) 


1120 Program Oofinition Studiai (Contractor) 


1130 j Ott)ar Study Support 


1140 SE/TO ContrKtoris* 


1200 ENGINEERING DEVELOPMENT PHASE 


1210 ! AirFrama 


1211 I Structura 


121M Aarodynamic Surfica 


1211-2 Sody/Tank Structura 


1211-3 Nonmtagral Tanka 


12114 I Oth«r 


1212 ! Landing Gaar 


1213 ! TlitnnW Protaction Syitam 


1214 Avionics 


'iuidanch and Navigation 


I 1222 


1223 


1 1224 


{ 1230 


! 1240 


1214-2 1 

^ Communications 

1214-3 ! 

i nstrumantation/Pinals 



Powtr Supply and Distribution 


Elactrical Po^r 


Hydraulic Poawai 


Environmantal Control & Ufa Support) 


Emargancy 


Drop Tanks 




Rockat Enginai - Sacondary 


Air-Braathing Enginas 


I Oriantation Control 


i Vabida Int^qrition 


! Imttai Tooling 


30.9 


251.4 

































































TABLE C-5 (Cont.) 

TWO- STAGE 

(Subsonic Staging, Twin-Booster) 


COST 

ELEMENT 

NUMBER 

COST ELEMENT DESIGNATION 

1250 

Ground Equipmant 

1260 

Ten Hardware 

1261 

Ground Ten 

1262 

Flight Test 

1270 

Test Operations 

1271 

Ground Ten 

1272 

Flight Ten 

1272-1 

Hoiizf itai 

1272-2 

Vertica' 

1273 

Wind Tunnel Test 

1280 

r scilities and Equipment 

1281 

Vehicle Ten Facilities 

1282 

Engine Ten Faoiities 

1283 

lau.nch Facilities 

1284 1 

Operational & Maintenance Facilities 

1285 

'*^nuf8Cturing Facitities 

1286 

Wind Tunnel 'facilities 

1287 

1 Propellant Production Facilities 

1288 

1 Support Equipment 

1289 

! Activation 

1290 

i Training j 

1291 

Personnel | 

1291-1 

Flight Crew 

1291-2 

Ground Crew 

1292 

Simulatore and Equipment 

1300 

SYSTEM INTEGRATION ENGINEERING 1 

1310 

I ; 

1 Contractor Program Management j 

1320 

SE/TO Contractor(s> 1 

1400 

TECHNOLOGY SUPPORT PHASE | 

1410 

1 Aerothermo Technoiogv 1 


ORBITEa 


BOOSTER 

(one) 


SYSTEM 


EOS TOTAL 


37.2 


352.8 


368.7 


245.8 


200.6 


105.1 


95.5 


95.9 


127.9 


63.2 


60. 


24.6 ! 


24.6 


65.4 


137.7 


1420 


1 i4:,j 


StrucTure/Material Technofogy 


Propulsion Technology 






























































TABLE 


TWC 

(Subsonic Stagi 


COST 

ELEMENT 

NUMBER 

COST ELEMENT OESIGNATION 


1440 

Othar Tachnology 


1500 

GOVERNMENT PROGRAM MGMT. 


2000 

TOTAL INVESTMENT 


2100 

FACILITIES AND EQUIPMENT 


2110 

Launch Facilities 


2120 

OparatioiMl & Mainttnp ca Facilitias 


2130 

Mamifacturing Facilities 


2140 

Propellant Production Facilities ! 


2150 

Ground Equipment 


Z160 

Support Equipment 


2170 

Activation 


2200 ! REUSABLE VEHICLE FLEET 



New Vehicle Manufacturing j 


2220 

RStO Vehicle Modifications 


2230 

Initial Spam 


2240 

Sustaining Tooling 


2250 

Engineering Support 

! 

2260 

Contractor Program Management 

r 

1 

2270 j SE/TO Contractorisi 


j 2300 1 EXPENDABLE HARDWARE j 

2310 j Hardware Manufacturing { 

2320 i Spans Support 


2330 j Engineering Support 



2340 j Additionrt and Sustaining Tooling 


2250 I Contractor Program Management 

2400 i GOVERNMCNTPROGflAMMGMT. 

3000 j TOTAL OPCflATIONS 

j 3100 I OPERATIONS 

j 3110 I Launcii Operations 


j 3120 i Recovei 7 Opetations 


3130 

1 Command and Control j 

3140 

> Replacement Training 1 



1736.4 11215.6 
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TABLE C-5 (Cont.) 

TWO- STAGE 

(Subsonic Staging, Twin-Booster) 


COST 

ELEMENT 

NUMBER 

COST ELEMENT QESIGNATION 

ORBITER 

BOOSTER 

(one) 

SYSTEM 

EOS TOTAL 

3150 

Facility & Equipment Maintenance 





3151 

Launch & Mainrananca Facilities 





3152 

Ground 8ic> i:?art Equipment 





3160 

Vehicle Maintena. :e 





3161 

Ground-Based Maintenance Operations 





3162 

Space-Based Maintenance Operations 





3170 

in-Plant Engineering Support 




3180 

Program Integration and Management 





3200 

SPARES AND PROPELLANT SUPPORT 





3210 

Follow-Cn Spares 


379.9 



3211 

Structure 


28.3 



3212 

Thermal Protection System 





3213 

Rocket Engines 





3214 

Air- Breathing Engines 


188.0 



3215 

Subsystems 


163.6 



3216 

Other 





3217 

Transportation (Spaca-Based) 


! 



3220 

Propellants and Gases 


32.2 



3221 j 

Basic Cost (Ground-Based) 


32.2 



3222 

Transportation Cost (Space-Based) 





3300 

RANGE/BASE SUPPORT 


i 



4000 j 

AIR VEHICLE FIRST UNIT COST 

387.2 

122.9 



4100 

AIR FRAME 


88.2 



4110 

Structure 


45.0 j 



4111 j 

Aerodynamic Surfaces 


35.2 


! 

1 

4112 i 

Body /Tank Structure 

j 9.8 


I 

4H3 1 

Nonintegral Tanks 

! 1 


1 

4114 

Other 

1 1 


1 

4120 1 

Landing tSear 1 

! 

39.8 1 ‘ I 

1 4130 ; 

Tiiermal Protection System 

i 1 • ! 

i 4140 1 

Avionics 

1 ' 29.7 i 1 ! 

j 4141 i 

Guidance and Navigation 

1 i : , 


* •• 

































TABLE C-5 (Cont.) 
TWO-STAGE 

(Subsonic Staging, Twin-Booster) 


COST 

ELEMENT 

NUMBER 

COST ELEMENT DESIGNATION 

4142 

Communication 

4143 

Instrumentation/Paneis 

4150 

Po««r Supply & Oistribution 

4151 

EItttrIcai PovMr 

4152 

Hydraulic Power 

4160 

Environmental Control & Ufa Support 

4170 

Emergoncy Racoveiy 

4200 

PROPULSION 

4210 

Rocket Engines - Primary 

4220 

Rocket Engines - Secondary 

4230 

Air-Breathing Engines 

4240 

Orientation Control Thrusters 

4300 

INTEGRATION, ASSEMBLY, 
CHECKOUT, AND TEST 

5000 

DROP TANK PIRST UNIT COST 


ORBITER 


BOOSTEa 


SYSTEM 


EOS TOTAL 








































TABLE C-6 


TWO-STAGE 

(Supersonic Staging) 


COST 

ELEMENT 

COST ELEMENT DESIGNATION 

ORBITER 

BOOSTER 

SYSTEM 

EOS TOTAL 

NUMBER 



(one) 



1000 

TOTAL ROT&E 

4763.7 

3386.4 

760.3 

1 8910.4 

1100 

CONCEPTUAL ANO OEFINTIQN PHASE 



47.2 

47.2 

1110 

Conceptual Studies (Contractor) 



3.4 


1120 

Program Definition Studies (Contractor) 



30.3 


1130 

Other Study support 



13.5 


1140 

SE/TC Contractor(s) 





1200 

ENGINEERING DEVELOPMENT PHASE 

4279.0 

3111.2 

547.4 

7937.6 

1210 

A\r rrame 

2280.6 

973.0 


3253.6 

1211 

Structure 

928.1 

698.0 

1 

1211-1 

Aerodynamic Surface 

287.1 

311.7 



1211-2 

Body /Tank Structure 

640.9 

386.3 



1211-3 

Nonintegral Tanks 





12114 

Other 





1212 

Landing Gear 


1 

1213 

Thermal Protection System 

274.9 



1214 

Avionics 

547.9 

140.3 



1214-1 

Guidance and Navigation 

117.2 

35.2 



1214-2 

1 

Communications 

144.8 

20.6 



1214-3 

Instrumentation/Paneis 

286.1 

84.5 



1215 

Power Supply and Distribution 

217.8 

134.7 



1215-1 i 

Electrical Power 

176.7 

102.5 



1215-2 I 

Hydraulic Power 

41.1 

32.2 



1216 

Environmental Control & Life Support 

i 312.7 




1217 

Erne ^ency 





1218 1 

Drop Tanks 1 





1220 1 

Propulsion ! 

242.6 

692.8 ! 

935.4 ■ 

1221 i 

Rorket Engines - Primary ! 

126.2 ! 

i 


1 

{ 1222 i 

Rocket Engines - Secondary j 

1 

1 


i 

i 

1223 1 

Air-Breathing Engines 

1 692.8 i ' 

1 1224 

Orientation Control | 

116.4 i 

1 


1 

1 1230 

I 

Vehicle Integration | 

42.0 1 

52.8 1 


94,8 

1240 

' Initial Tooling 

371.0 ^ 

360.6 ' 

1 

■ - 7 - 31.6 





























TABLE C-6 (Cont.) 
TWO-STAGE 

(Supersonic Staging) 


COST 

ELEMENT 

NUMSEa 

COST ELEMENT OESIGNATION 

ORBITER 

BOOSTER 

(one) 

SYSTEM 

EOS TOTAL 

1250 

Ground Equipment 


4o1T^ 

1 170.2 

1260 

Test Hardware 

837.0 

660.8 


1497.8 

1281 

Ground Test 

502.2 

283.2 



1262 

Flight Test 

334.8 

377.6 



1270 

Test Operations 

177.5 

164.1 

144.7 

486.3 

1271 

Ground Test 

109.3 

95.9 



1272 

Flight Test 

68.2 

68.2 

70.1 


1272-1 

Horizontal 

68.2 

68.2 


1272-2 

Vertical 



70.1 


1273 

Wind Tunnel Test 



74.6 


1260 

Facilities and Equipment 

131.3 

129.1 

368.2 

628.6 

1281 

Vehicle Test Facilities 

58.3 

63.2 



1282 

Engine Test Faciluies 

60.0 

60.0 



1283 Launch pKilitias 





1284 

Operational & Maintenance Facilities 



174.2 1 

1286 

Manufacturing Facilities 

13.0 

5.9 

! 1 

1288 

Wind Tunnel Facilities 



1 

1287 ! Propeilant Production Facilities 

1 

i 57.8 

i 

1 

1288 j Support Equipment 

j 

^ i 

1289 1 Activation 

j 

136.2 

1 

1290 1 Training 

67.0 

37.8 ! 34.5 

139.3 

1291 

Penonnai 


1 34.5 


1291-1 

Flight Craw 


1 29.7 

1 

.. 1 

1291-2 

Ground Crew 



4.8 


1292 1 Simulators and Equipment 

67.0 i 37.8 1 

i 

1300 1 SYSTEM INTEGRATION ENGINEERING ! 164.8 1 92.6 | 9.0 j 266.4 i 

1310 

Contractor Program Management ! 319 .9 | 182 . 7 j 15.1 

517.7 i 

1320 i SE/TO Contractoris) ! ! i 1 1 

1400 i TECHNOLOGY SUPPORT PHASE 

! ! ! ! 

1410 ! Aerothermo Technology j 1 1 

142C i Structure/Matenai Technology 1 ' ^ ' 

1430 j Propulsion Technology i i ' i 



TABLE C-6 (Cont.) 
TWO-STAGE 

(Supersonic Staging) 


COST 

ELEMENT 

NUMBER 

COST ELEMENT DESIGNATION 

ARBITER 

BOOSTER 

SYSTEM 

EOS TOTAL 

1440 

Other Technologv 





1500 

GOVERNMENT PROGRAM M6MT. 



141.6 

141.6 

2000 

TOTAL INVESTMENT 

1989.2 

1128.4 

278.8 

3396.4 

2100 

FACILITIES ANO EQUIPMENT 

149.7 

25.4 

197.9 

373.0 

2110 

Launch Facilities 





2120 

Operational & Maintenance FKilities 





2130 1 Manufacturing Facilities 



1 

2140 Propellant Production Facilitiea 



57.8 


2150 

Ground Equipment 

149.7 

25.4 

t 

1 

2160 

Support Equipment 





2170 

Activation 



140.1 


2200 

REUSABLE VEHICLE FLEET 

1839.5 

1103.0 


2942.5 

1 

2210 1 Naw Vehicle Manufacturing 

1186.5 

668.6 



2220 

R&O Vehicle Modifications 

105.1 

118.4 



2230 

Initial Spares 

118.7 

66.9 1 

! 

4240 

Sustaining Tooling 

55.7 

33.7 

i I 

2250 

Engineering Support 

237.3 

133.7 ! 

1 

2260 j Contractor Program Management 

136.2 i 

81.7 i 

i 

2270 j SE/TO ContractoHs) 




! 

2300 ! EXPENDABLE HARDWARE 

1 1 
1 


! 

2310 

Hardware Manufacturing 


1 1 
1 

1 

i 

2320 

Spares Support 




2330 ! Engineering Support 





2340 { Additional and Sustaining Tooling 


1 

1 

1 

2350 

Contractor Pr^ /am Management 




t 

1 

2400 

GOVERNMENT PROGRAM MGMT. 

1 1 80.9 

80.9 ! 

3000 

TOTAL OPERATIONS i 

1 

) 

3100 i OPERATIONS 

! i i 

3110 ! Launch Operations j ‘ ! : 

1 3120 

i 

Recovery Operations j i 

i 1 ! 

i 3130 

Command and Control 

1 ! ! 

3140 

Replacement Training ! ! * ! ! 


BOOSTERS/S ORBITERS 



TABLE C-6 (Cont.) 
TWO- STAGE 

(Supersonic Staging) 


r« 

I 


COST 

ELEMENT 

NUMBER 

COST ELEMENT OESIGNATION 

0R8ITER 

BOOSTER 

SYSTEM 

EOS TOTAL 

1440 

Other Technology 





1500 

GOVERNMENT htCGRAM MGMT. 





2000 

TOTALINVESTMENT 

1989.2 

1917.3 

278.8 

4185.3 

2100 

FACILITIES AND EQUIPMENT 

149.7 

25.4 

. 197.9 

373.0 

2110 

Launch Facilitias 





2120 

Operational & Maintananca Facilitias 





2130 

Manufacturing Facilities 





2140 

Propellant Production Facilitias 


i 57.8 


2150 

Ground Equipment 

149.7 

25.4 ! 


2160 

Support Equipment 




J 

2170 

Activation 



140.1 

2200 

REUSABLE VEHICLE FLEET 

1839.5 

1891.9 1 3731.4 

2210 

New Vehicle Manufacturing 

1186.5 

1230.5 



2220 

R&D Vehicle Modifications 

105.1 

118.4 



2230 

Initial Spares 

118.7 

123.1 j 


2240 

Sustaining Tooling 

55.7 

33.7 

1 

1 1 

2250 1 

E.iginaaring Support 

237.3 

246.1 1 

1 

2260 1 

Contractor Program Management 

136.2 

_ U(hl 



2270 1 

SE/TD ContractoHii | 




1 

i 

2300 1 EXPENDABLE HARDWARE 

i 1 

j f 

1 

2310 1 Hardware Manufacturing 


1 

! 

1 

2320 1 Spam Support 





2330 

Engineering Support 




1 

2340 

Additional and Sustaining Tooling 





1 2350 

Contractor Program Management 


1 


1 

1 2400 

GOVERNMENT PROGRAM MGMT. 

! 

80.9 

80.9 ■ 

' 3000 

TOTAL OPERATIO'.S ! 7890.0 ! 769.8 i 1"'29.1 

10,389.8 1 

3100 

OPERATIONS i ! 1587.1 ! 1587.1 ' 

{3110 I Launch Oparations 1 i 

55.0 ! ! 

3120 i Recovery Operations | ! 

- -J 25.7 ! 

1 1 

3130 1 Command and Control ! ' 

- - - 148.6 

3140 ! Repiacement Training 1 

' JIL.6J ; 


I 


10 BOOSTERS/ 5 ORBITERS 



TABLE C-6 (Cont.) 
TWO-STAGE 

(Supersonic Staging) 


COST 

ELEMENT 

COST ELEMENT OESIGNATION 

ORBITER 

BOOSTER 

SYSTEM 

EOS TOTAL 

NUM8ER 






3150 

Facility & Equipment Maintananca 



355.4 


3151 

Launch & Maintananca Facilities 



87.1 


3152 

Ground & Support Equipmant 



268.3 


31E0 

Vehicle Maintenance 



512.7 


3161 

Ground-Based Maintenance Operations 



513.7 


3162 

Space-Based Maintenance Operations 





3170 

In-Plant Enginaaring Support 



269.6 


3180 

Program Integration and Management 



168.5 


3200 

SPARES AND PROPELLANT SUPPORT 

7890.9 

769.8 


8660.7 

3210 

Follow-On Spares 

6897.8 

1076.6 



3211 

Structure 

628.9 

46.6 



3212 

Thermal Protection System 

2362.9 1 



3213 

Rocket Engines 

280.7 




3214 

Air-Breathing Engines 


411.8 



3215 

Subsystems 

3599.8 

166.6 



3216 

Other 




i 

1 

3217 j 

Transportation (Space-Based) 





-220 

Propellants and Gases 

1018.6 

HHBBH 

1 

i 

3221 

Basic Cost (Ground-Based) 

1018.6 

144.8 

1 


3222 

Transportation Cost (Space-Based) 




1 

3300 

RANGE/RASE SUPPORT 



142.0 

142.0 1 

4000 

AIR VEHICLE FIRST UNIT COST 

350.3 

197.4 



4100 

AIR FRAME 

295.6 

126.8 



4110 

Structure 

113.3 

83.0 



4111 

Aerodynamic Surfaces 

66.9 

50.2 



4112 1 

Body/Tank Structure 

46.4 

32.8 


! 

4113 1 

Nonintegral Tanks 




1 

4114 i 

Other 

1 



4120 1 

Landing Gear 

0.3 

0.3 

1 1 

4130 i 

Thermal Protection System j 

114.3 > 

1 

{ 

t 

4140 ! 

Avionics 

26.6 

23.7 i ^ . 

4141 I 

Guidance and Navigation 

12.2 

L 









































TABLE C-6 (Cont.) 
TWO-STAGE 

(Supersonic Staqing) 


COST 

ELEMENT 

NUMBER 

COST ELEMENT DESIGNATION 

4142 

Communication 

4143 

Instnimtntation/Psndi 

4150 

Powtf Supply & Oinribution 

4151 

Elaetrieal Powar 

4152 

Hydraulic Powar 

4160 

Environmantal Control & Ufa Support 

4170 

Emargancy Raeovary 

4200 

PROPULSION 

4210 

Rockat Enginas - Primary 

4220 

Rockat Engines - Sacondary 

4230 

Air-Breathing Engines 

4240 

Orientation Control Thrusters 

4300 

INTEGRATiON, ASSEMBLY, 
CHECKOUT. AND TEST 

5000 

OROP TANK FIRST UNIT COST 


0R8ITER 


BOOSTER 


SYSTEM 


EOS TOTAL 


^ 92% learning curve was used to determine venicle cost in calculating total 

a>,jLlV6b wuiuTlC wUoCS« 





















































TABLE C-7 
TWO-STAGE 

(Hypersonic Staging) 


COST ELEMENT OESIQMATION 


TOTAL ROT&E 


CONCEPTUAL AND OEFINTION PHASE 


ConetptuN Studin (Contractor) 


1 (.lO Program Oafinition Studiai (Contractor) 


1 1 30 Ot)iar Study Support 


1140 SE/TO Contractorls) 


1200 ENGINEERING OEVELOPMENT PHASE 


1210 Air Frame 


1211 Stu’;tura 


121 M Atrodynamic Surface 


1211-2 Body/Tank Structure 


1211-3 Nonintegral Tanks 


1211-4 I Other 


1212 'ending Gear 


1213 Thermal Protection System 


1214 Avionics 


1214-1 Guidance and Navigation 


1214-2 Communications 


1214-3 Instnimentation/Panels 


121S Power Supply and Distribution 


Elactrical Power 


Hydraulic Power 


Environmental Control & Life Support 


Emergency 


Drop Tanks 


1220 I Propulsion j 


Rockat Engines - Primary 


Air-Briathing Engines - Secondary I 


Air-Breathing Engines i 


1224 Orientation Control 


1230 I Vehicle Integration 


1240 Initial Tooling 


ORBITER 


4179. 8 


3788.5 


1793.4 


568.2 


122.6 


445.6 


178.8 


547.9 


117.2 


185.8 


152.6 


33.2 


312.7 


609.0 


126.2 


116.4 


83.9 


232.4 


BOOSTER 


8700.7 


7928.2 


2483.3 


1776.8 


737.0 


1039.8 


290.3 


140.3 


1817.2 


692.8 


1124.4 


135.7 


715.6 


SYSTEM 

EOS TOTAL 

728.8 

13,242.9 

47.2 

47.2 


649.7 12,366.4 


I 4276.7 


2059.8 


219.6 


948.0 























































































TABLE C-7 (Cont.) 
TWO-STAGE 

(Hypersonic Staging^ 


COST 

ELEMENT 

NUMBER 

COST ELEMENT DESIGNATION 

ORBITER 

BOOSTER 

SYSTEM 

SOS TOTAL 

1250 

Ground Equipmant 

119.6 

83.0 i 



202.6 

1260 

Tast Hardevara 

619.0 

1956.3 


2575.3 

1261 

Ground Taat 

371.4 

1173.8 



1262 

Fli^tTatt 

247.6 

782.5 





1270 

Tan Opantiont 

159.2 

323.7 

203.5 

686.4 

1271 

Ground Tait 

91.0 

255.5 



1272 Flight Tm 

68.2 

68.2 

84.0 j 

127M 

Horizontal 

68.2 

68.2 



1272-2 

Vartical 


1 84.0 


1273 

Wind Tunnti Tift 



119.5 

1 

i 

1280 

Facilitias and Equipmant 

122.5 

256.9 

411.7 

791.1 

1281 

Vthicie Test Ftcsiitits 

58.3 ! 126.3 1 


1282 Engint T«n Facilitits 

60.0 119.9 1 


1283 

Launch FMiiitiat 



i 

1 

1284 

Oparational & Maintananca Facilitiu ! | 191.8 


1285 j Manufacturing Facilitias 

4.2 i 10.7 

1 1 

1286 1 Wind Tunnti Faaiitits 


i 

1 

1 

1287 1 Propailant Production Facilitias 

i i 57.8 

1 

1288 1 Support Equipment 

! ! 

I 

1 

1289 1 Activation 

i 162.1 

i 

1290 ! Training ! 49.5 

!-• . 34.5 

240.5 i 

1291 1 Paraonnal ' I ! ' 5 


129M FligntCraw 

1 ' ^.7 

1 

1 

1291*2 j Ground Craw { | 'v,3 


1292 

Simulators and Equipmant | 49.5 1 156.5 , 1 '■ 

1300 i SYSTEM INTEGRATION ENGINEERING ! 135.9 I 281.7 11.9 j 429.5 

1310 i Contrjctor Program Managtmtnt i 255.4 490.8 20.0 

766.2 

1320 SE/TO Contrsetorlsi ! i 1 j > 

1400 i TECHNOLOGY SUPPORT PHASE 1 1 i > i 

1410 1 AerotHermo Ttchnoio^y 1 1 ! ' ' 

1420 Structure/Maranal Technology 1 ! ' • 

i30 i Propulsion Technology ’ ! ! i 



TABLE C-7 (Cont.) 
TWO-STAGE 

(Hypersonic Staging) 


COST 

ELEMENT 

NUMBER 

COST ELEMENT OESIGNATION 

ORBITER 

BOOSTER 

SYCTEM 

EOS TOTAL 

1440 

Othir Ttchnology 





1500 

GOVERNMENT PROGRAM MGMT. 





2000 

TOTAL INVESTMENT 

1379.1 

2455.6 

257.1 

4091.8 

2100 

FACILITIES ANO EQUIPMENT 

83.7 

64.3 

176.2 

324.1 

2110 

LjucicIi PKilitiM 





2120 

Optntional & Miintmanu PxitilM | 




2130 

Manufacturing pKiiitiat * I 




2140 

Propellant Production Fwiliti* 1 


57.8 

57.8 

2150 

Ground Epuipmant 

83.7 

64.3 


U8.0 

2160 

Support Equipmtnt 


1 


2170 

Activation 



118.4 

113.4 

2200 

REUSABLE VEHICLE FLEET 

1295.4 

2391.3 


3686.7 

2210 

Naur Vahicli Manufacturing 

838.6 

1440.1 i 

2278.7 1 

2220 

RBiO VcPicla Modificatijns 

74.3 

234.8 


3r.9.1 1 

2230 

Initial Sparti 

83.9 

144.0 


22^.' J 

2240 

Sustaining Toc...ig 

34.9 

107.3 

. 

i 14,. ' 

2250 

Enginatring Support 

167.7 

288.0 ! 

_ . 1 

!' 2260 

Contractor Program Managtmant 

96.0 

177.1 


27J1, _J 

i 2270 

SE/TD Contractorit) 




1 

1 2300 

EXPENDABLE HARDWARE 


1 

i 

1 

2310 

Hardmrk Mam’racturing 




1 [ 

1 1 

2320 

Soares Support 


! 


2330 

Enginaaring Suppon 

1 ! 

1 

1 

2340 

Additional and Sustaining Tooling 

1 

( 


i 

! 

2350 

Contractor Program Managamant 




1 

2400 

I GOVERNMENT PROGRAM MGMT. | 



80.9 f 

80.9 ’ 

! 3000 

1 TOTAI OPERATIONS I 





1 3100 

! OPERATIONS 

I ' 1 i 

1 3110 

i Launch Oparations 1 




i 

j 3120 

1 Racovtry Oparations i 




1 

1 3130 

I Command and Control i 





j 3140 

! Raptacamant Training 

! ' _J ; 


BOOSTERS/S ORBITrnS 












TABLE C-7 (Cont.) 
TWO-STAGE 

(Hypersonic Staging) 


K' 


- 

% 


I 


COST 

ELEiMENT 

NUMBER 

COST ELEMENT DESIGNATION 

ORBITER 

BOOSTER 

SYSTEM 

EOS total 

1440 

Other Technology 





tsoo 

30VERNMENT PROGRAM M6MT. 



141.6 

- . - — J 

141.6 

2000 

TOTAL INVESTMENT 

1379.1 

4154.8 

25/.1 

5791.0 

2100 

i’ACILlTIES AND EQUIPf.7CNT 

83.7 

64.3 

176.2 

324.2 

2110 

Launch Peciiitiet 



1 

2120 

Ope^onei & Meinterap' a Facilitir 



! ; 

. _ L._. .. j 

2130 

MiflufiCtunng 




2140 

Propellant ProOuaion Fxilitiat 


57.8 

57.8 

21 SO 

Ground Equipritnt 

83.7 

64.3 


148.0 j 

2160 

Support Equipo'ent 


i i 1 

217C 

Activation 



118.4 

OO 

2200 

REUSABLE VEHICLE FLEET 

1295.4 

',090.5 


5385. S 

2210 

New Vehicle Manufacturing 

838.6 

2550.3 


3488.9 

j 2220 

r kO Valiicli Mod. notions 

74.3 

234.8 


309.1 i 

I 2230 

Initial Spare! 

83.9 

265.0 


348.9 i 

1 2240 

Sustaining " ^linq 

34.9 

107.3 


142.2 ' 

! 2250 

Enginttring ;jUppori 

167.7 

530.1 


697.8 ' 

2260 

Contractor Program Ma^'agament 

96.0 

o 

L.j 

O 


399.0 i 

2270 

SE/TO Contrwtorfi) 





j 2300 

FXrENOA8LEHAi;oyARE 





! 2310 

1 Hardware Manufacturing 





2320 

Spare! Support 





2330 

1 I ! 

Enginaafing Support 1 { 

j 

2340 

1 Additional and Sustaining Tooling 1 

i 

1 

23S0 

Contractor Prograr- »' ' agement 




. 

j 2400 

GOVERNMENT PROGRAM M6MT. 



80.9 

80.9 

i 3000 

TOTAL OPERATIONS 

5972.4 

994*"* . 4 

1993.5 

17,912.3 

; 3100 

OPERATIONS 



1851.5 

1851.5 ’ 

1 3110 

Launch Optrations 

t 


55.0 


3120 

Recovery Operation! 



25.7 


! 3130 

Zzr.tud Id and Control 

i 


148.6 


i 3140 

Repii' ament Traiiung 



'•.C.6 

1 


BOOSTERS/ f) ORBITERS 



4 


i ^ • 1 ^ 1.; ; . i>.-. * ».« « i «--4 * "# ®-o-'. * ^ 

TABLE C-7 (Cont.) 

TWO-STAGE 

(Hypersonic Staging) 


COST 

ELEMENT 

NUMBER 

COST ELEMENT OESiGNATlON 

ORBITER 

BOOSTER 

SYSTEM 

EOS TOTAL 

3150 

Facility & Equipment Maintananca 



333.5 


3151 

Launch & Maintenance Facilities 



95.9 


3152 

Gnund & Support Equipmtnt 



237.6 


3ie, 

Va' ii. Maintenance 



513.7 


3161 

Ground-Based Maintenance Operations 



513.7 


3162 

Space*6ased Maintenance Operations 





3170 

tn*Plant Engineering Su^ >ort 



269.6 


3180 

Program Integration and Management 



121.3 

' 

3200 

SPARES AND PROPELLANT SUPPORT 

5972.4 

9946.4 


15,918.8 

3210 

Follow-On Spares 

5707.5 

8832.9 



3211 

Structure 

370.8 

1866.8 



3212 

Thermal Protection System 

1690.4 

2977.5 



3213 

Rocket Engines 

108.9 




3214 

Air-Breathing Engines 


834.6 



3215 

Subsystems 

3527.9 

882.1 



3216 

Other 

i ■ 




3217 

Transportation (Space-Based) 

j 1 




3220 

1 Propellants and Gases 

274.4 1 

1188.9 

I 

i 


3221 

Basic Cost (Ground-Based) 

1 274.4 

1188.9 

1 

t 

^ 1 

3222 

! Transportation Cost (Space-Based) 




i i 

I 

3300 

RANGE/BASE SUPPORT 



142.0 

142.0 

4000 

AIR VEHICLE FIRST UNIT COST 

237.6 

782.5 


1030.1 

4100 i 

AIR FRAME 

204.5 

1 498.7 


703.2 

4110 

Structure 

48.5 

297.8 


356.7 

4111 

Aerodynamic Surfaces 

28.5 

177.4 


212.3 ! 

4112 ! 

Body/Tank Structure 

20.0 

120.4 


144.4 i 

4113 1 

1 Nonintegrai Tanks 


1 


4114 

Other 


i 

j 

4120 ! 

Landing Gear 

0.2 

0.9 

i 1.1 

4130 1 

1 Thermal Protection System i 

80 9 

142.5 1 

! 

223.4 i 

4140 1 

Avionics 1 

26.6 

' 29.7 i 

56.3 ! 

4141 

Guidance and Navigation | 

12.2 ! 

13.3 ! 

30.5 ' 




table C-7 (Cont.) 
TWO-STAGE 

(Hypersonic Staging) 


COST 

ELEMENT 

NUMBER 

COST ELEMENT DESIGNATION 

4142 

Communication 

4143 

Instnimintation/Pantis 

41S0 

Povwr Supply & Distribution 

4151 

Elictrical Powtr 

4152 

Hydnulic Powtr 

4160 

Enviromntntil Control & Life Support 

4170 

Emtrgency Recovery 

4200 

PROPULSION 

4210 

Rocket Engines - Primary 

4220 

Air-Breathing Engines - Secondary 

4230 

Air-Breathing Engines 

4240 

Orientation Control Thrusters 

4300 

INTEGRATION, ASSEMBLY, 
CHECKOUT, AND TEST 

5000 

DROP TANK FIRST UNIT COST 


0R8ITER 


BOOSTER 


263.9 


SYSTEM 


135.6 


128,3 


EOS TOTAL 


297.1 


5.9 


135.6 


128.3 


27.3 























































TABLE C-8 
TWO-STAGE 

(Rocket-Powered HTO) 


COST 

ELEMENT 

NUMBER 

COST ELEMENT DESIGNATION 

0R6ITER 

BOOSTER 

SYSTEM 

EOS TOTAL 

1000 

TOTAL ROT&E 

4179.8 

4334.5 

831.0 

8978.9 

1100 

CONCEPTUAL ANO OEFINTION PHASE 



47.2 

47.2 

1110 

ConcBptuai Studies (Contractor) 



3.4 


1120 

Program Oafinition Studies (Contractor) 



30.3 


1130 

Other Study Support 



13.5 


1140 

SE/TO ContrKtor(s) 




. . .... 

1200 

ENGINEERING OEVELOPMENT PHASE 

3788.5 

3897.3 

610.3 

8296.1 

1210 

Air Frame 

1793.4 

1716.0 

■ 

3509.4 

1211 

Structure 

568.2 

1058.4 



1211-1 

Aerodynamic Surface 

122.6 

251.9 



1211-2 

Body /Tank Structure 

445.6 

806.5 



1211-3 

Noninte^rai Tanks 





1211-4 

Other 





1212 

Landing Gear 





1213 

Thermal Protection System 

178.8 

263.8 



1214 

Avionics 

547.9 

140.3 


1 

1 

1214-1 

Guidance and Navigation 

177.2 

35.2 


! i 

1214-2 

Communications 

144.8 

20.6 



1214-3 

Instrumentation/Panels 

L 2S6.1__ 




17:5 

Power Supply and Distribution 

185.8 

253.5 



1215-1 

Electrical Power 

1 152.6 

205.8 



1215-2 

Hydraulic Power 

! 33.2 ! 

47.7 



1216 

Environmental Control & Life Supportj 

1 312.7 




1217 

Emergency 




1218 

Oreo Tanks 




1 

1220 

Propulsion 

242.6 1 



242.6 ! 

1221 

Rocket Engines - Primary 

126.2 

i 


1222 

Rocket Engines Secondary 




1223 

Air-Breathing Engines ! ! 1 ‘ ' 

1224 

Orientation Control 

116.4 

i ! ! 

1230 

Vehicle Integration 

83.9 1 

68.6 i 

1 

152.5 ' 

1240 

initial Tooling 

232.4 

465.0 

i 

697.4 ! 


TABLE C-8 (Cont.) 
TIW-STAGE 

(Rocket-Powered HTO) 


COST 

ELEMENT 

NUMBER 

COST ELEMENT DESIGNATION 

0R8ITER 

BOOSTER 

SYSTEM 

EOS TOTAL 

12EO 

Ground Equipment 

119.6 

65.8 


185.4 

1260 

Test Hardwara 

619.0 

1030.0 


1649.0 

1261 

Ground Test 

371.4 

618.0 



1262 

Plight Test 

247.6 

412.0 



1270 

Test Operations 

159.2 

211.8 

203.1 

574.1 

1271 

Ground Test 

91.0 

143.6 



1272 

Flight Test 

68.2 

68.2 

83.6 


1272*1 { Horizontal 

68.2 

68.2 



1272-2 j Vertical 




83.6 


1273 j Wlno Tunnal Test 



119.5 


1280 1 Faculties and Equipment 

122.5 

257.7 

372.7 

752.9 

1281 

Vahicla Test PKlIities 

58.3 

126.3 1 


1282 

Engine Test Fsciiities 

60.0 

119.9 



1283 

Launch Pacilities 


! 


1284 

Operattonai & Maintanance PKilities 



166.6 


1286 

Manufacturing Facilities 

4.2 1 

11.5 1 


1286 

Wind Tunnel Facilities 

, 1 



1 

1 

1287 

Propellant Production Facilities 

1 

! 57.8 


1288 

Support Equipment 




1 

t 

1289 

Activation 

i 

1 148.3 

i 

1 

1290 

Training 

49.5 

82.4 

34.5 

166.4 i 

1291 

Personnel 


■ 

34.5 

! 

1 

129M 

Flight Crew 



29.7 


1291-2 

Ground Crew 



4.3 


1292 

Simulators and Equipment 

! 49.5 

82.4 1 

1 

1300 

SYSTEM INTEGRATION ENGINEERING 

135.9 i 135.2 

11.9 

1 283.0 : 

1310 1 Contractor Prognm Management 

255.4 i 302.0 j 20.0 

577.4 ! 

1320 1 SE/TO Contractorisl 

1 i 

^ ! 

1400 i TECHNOLOGY SUPPORT PHASE \ 

1 1 i 

1 

1410 1 Aerothermo Technology 

1 ! 1 1 

; (1.1 

1420 ! Structure/Material Technctogy | j ! i * 

1430 j Propulsion Technology j 

! i • 




, 
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TABLE C-8 (Cont.) 

♦ 

i ' 

\ 

\ 

TWO-STAGE 

(Rocket-Powered HTO) 



COST 

ELEMENT 

COST ELEMENT DESIGNATION 

0R6ITER 

BOOSTER 

SYSTEM 

EOS TOTAL 

NUMBER 







Othar Ttchnology 


GOVERNMENT PROGRAM M6MT. 


TOTAL INVESTMENT 


FACILITIES AND EQUIPMENT 


Launch Fxilitias 


Opcraticnal & Maintananci Faciiitias 


Manufacturing Faciiitias 


Prapallant Production Facilities 


Ground Equipment 


Support Equipment 


Activation 


REUSABLE VEHICLE FLEET 


New Vehicle Manufacturing 


R&O Vehicle Modifications 


Initial Spares 


Sustaining Tooling 


Engineering Support 


Contractor Program Management 


SE/TD Contractoris) 


EXPENDABLE HARDWARE 


Hardware Manufacturing 


Spares Suppon 


Engineering Support 


. Additional and Sustaining Tooling 


Contractor Program Management 


GOVERNMENT PROGRAM MGMT. 


i TOTAL OPERATIONS 


1 OPERATIONS 


Launch Operations 



3120 

3130 


Recovery Operations 
Commend and Control 
























































































TABLE C-8 (Cont.) 


COST 

ELEMENT 

NUMBER 

COST ELEMENT DESIGNATION 

1440 

Othar Tachnology 

1500 

GOVERNMENT PROGRAM M6MT. 

2000 

TOTAL INVESTMENT 

QQIIIIII 

FACILITIES AND EGUIPMENT 

2110 

Launch Facilitias 

2120 

Oparational & Maintananca FacHitias 

2130 

Manuficturing Facilitits 

2140 

Propallant Production Facilities 

2150 

Ground Equipment 

2160 

Support Equipment 

2170 

Acthration 

2200 

REUSABLE VEHICLE FLEET 

2210 

New Vehicle Menufacturinq 

2220 

1 R&O Vehicle Modifications 

2230 

initial Spares 


TWO-STAGE 

(Rocket-Powered HTO) 


ORSITER 



Simaining Tooling 

Enginwring Support 

Contractor Program Managtmant 
SE/TO ContractoHs) 


EXPENDABLE HARDWARE 
Hardmra Manufacturing 


Spam Support 
Enginaaring Support 
Additions and Sustaining Tooling 
Contractor Program Managamant 
GOVERNMENT PROGRAM M6MT. 


TOTAL OPERATIONS 


OPERATIONS 


Launch Oparations 


Racovery Oparations 


Ccmmand and Control 


Reolacamant Training 


BOOSTER 


SYSTEM 


1379.1 


83.7 


1295.4 


838.6 


74.3 


83.9 


34.9 

167.7 


5072.4 


2224.5 


56.5 


2168.0 


1395.4 


123.6 


139.5 


69.8 

279.1 


141.6 


265.4 


184.5 


9329.0 


80.9 


1993.3 


1851.3 


55.0 


25.7 


148.6 


50.6 


EOS TOTAL 



141.6 


3869.0 


324.7 



126.7 


3463.4 


2234.0 


197.9 


223.4 


104.7 


80.9 


17,294.7 


1851.3 


RBITERS 































































TABLE C-8 (Cont.) 


TWO-STAGE 

(RocKet- Powered HTO) 


COST 

ELEMENT 

NUMBER 

COST ELEMENT DESIGNATION 

ORBITER 

BOOSTER 

SYSTEM 

EOS TOTAL 

4142 

Communication 

6.4 

3.5 


9.9 

4143 

Instrumentation/Paneii 

8.0 

7.9 


15.9 

41 SO 

Powtr Supply & Oistribution 

18.4 

25.1 


43.5 

4151 

Eluctrical Powtr 

14.6 

19.6 


34.2 

4152 

Hydraulic Power 

3.8 

5.5 


9.3 

4160 

Environmental Control & Life Support 

19.5 



19.5 

4170 

Emergtncy Racovery 





4200 

PROPULSION 

33.2 

50.7 


83.9 

4210 

Rocket Engines - Primary 

5.9 

23.4 


29.3 

4220 

Rocket Engines - Secondary 





4230 

Air-Breathing Engines 





4240 

Orientation Control Thrusten 

27.3 

27.3 


54.6 

4300 

INTEGRATION, ASSEMBLY, 
CHECKOUT, AND TEST 

9.9 

12.4 


22.3 

5000 

OROPTANK FIRST UNIT COST 





























1 








BhB 






IHHI 
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1 


—mm 
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A Fully Reusable, Horizontal Takeoff Space Transport Concept with Two Small Turbojet Boosters 
NASA TM-74087, L. Robert Jackson, J, Martin, W. Small, October 1977. 




13. A Demonstration of An Economic Figure of Merit and Techno-Economic Sensitivities of An 
Advanced Single-Stage- to~Orbit Vehicle , NASA TMX-72808, D. Eide and T. Rau, July 1976. 


A 


mis « » 






ON 


<u 

c 

3 

n 




o 

o 

c 

«d 

s 

u 

Q) 

W 

D 

B 

u 

cn 

c 

o 


0 

a 

cn 

c 

u 

H 

0) 

U 

C. 

w 


o 



